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ABSTRACT 


The Navy Supply Systems Command has developed =he Stock 
Point Integrated Lcgistics Communications Environment 
(SPLICE) ccncepts It will be a foreground and background 
distributed system built around local area networks. This 
research describes an evaluation strategy to identify off- 
the-shelf local area network arcnitectures +0 suppert 
SPLICE. Tre strategy develops a performance classification 
system fcr local area network architectures and identifies 
evaluaticn guidelines based on the functional needs of the 
SPLICE system. Then the evaluation process is implemented to 
identify example local area network products with architec- 
tures that meet SPLICE needs. An example local area network 
architecture is identified as an architecture that can 
suppert ccmputer networking needs in the SPLICE background 
environment of mainframe computers. A second example local 
area network architecture is identified with the perfor- 
Mance capabilities necessary to support a foreground énvi- 


ronment cf supply customer work stations. 
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I. INTRODUCTION 


a 2? eee <p A ee  D oet 


A. DISCLAIMER 


The ideas and opinions expressed in this thesis are entirely 
those of the author anddo not necessarily represent the 
Pesition of, or an endorsement by the Naval Postgraduate 
Senool, crthe Naval Supply Systems Command and Fleet 
Material Support Office. 


Bo SFELICE CVERVIEW 


The Navy supply systen, at Stock Points (SP) and 
Inventory Centrci Pecints (ICP), is faced with providing 
interactive processing and telecommunications capabilities 
to custcmers in meeting their growing logistical demands. 
In order to meet this need for a distributed data processing 
capability, the Stock Point Logistics Integrated 
Communicaticns Envircnment (SPLICE) project ccncept has been 
develcped. This cecncept is designed to augment exsisting 
Navy SP and ICP data processing facilities which support the 
Unifcrm Autcmated Data Processing System for Stock Pcints 
(UADPS-SE). SPLICE will provide support for projected 
increases in workload volumes, interactive processing, and 
networking requirements for the SP and ICP supply system and 
tS custcmers. 

ine SPLICE concept is based on providing distrituted 
data processing facilities to 62 Navy stock point inventory 
activities using lccal area networks. The local area 
networks will be used in a SPLICE configuration a* 2ach 
location, and the networks will support a "foreground" and 
"hackground"™ concept. The local area networking concept 


will previde a data communications service for eth 











customers and Stock Point data processing operations. 
Within each configuration, SPLICE minicomputers will serve 
as a Frent End Processor (FEP) system to off load ccmmunica- 
tions management functions from "background" stock point 
host mainframe computers. In addition, the SPLICE miniccn- 
puters will supfort an interactive processing service for 
custcemer work stations in the "foreground" complex and host 
Mainframe ccmputers in the "background". The SPLICE FEP 
system will also enaktle local area network users to communi- 
cate with cther users at other SPLICE locations via the 
Defense Data Network (DDN). 

The SELICE project is desiaqning a supply syste™ that i 
built arcund local area networks at 62 SPLICE locations. In 
order to speed implementation, avoid development ccsts, and 
establish a wuniferm system, it is the policy of the SPLICE 
project to make maximum use of currently available cff-the- 
shelf hardware and software {Ref. 1]. Within the sccre of 
this policy, the SELICE system must fit within «he tech- 
nolegy and capabilities of the ADP marketplace [Ref. 2]. To 
meet the needs of the supply systen, commercially avail- 
able local area netwerk architectures must be identified to 
support the distrikuted processing needs of cwzhe SELICE 


project. 


C. LCCAL AREA NETWORK EVALUATION STRATEGY 


This pafer presents a strategy for evaluating commer- 
Cially available local aréa network architectures for use in 
distributed computer processing systems. This methodclogy 
will ke demcnstrated ty evaluating local area network archi- 
tectures to identify those that can support the distributed 
system ccncept develcped for the SPLICE project. The 
strategy for evaluaticn of off-the-shelf local area network 


architectures for SPLICE will consist of a series of three 











Cperaticns cr phases. These phases set the stage for the 


next 


This 


three chapters. The phases are briefly outlined below: 


PHASE ONE. This phase will examine commerciai local 
area network architectures and develop a performance 
Classification system for the natwork architectures. 
General performance capabilities will be identified for 
each performance category. In addition, local atea 
network products will be classified based cn their 
architecture. 


PHASE TWO. In this phase SPLICE local area netwerk 
design concepts will be identified. Based on the SELICE 
needs aseéet of perfermance related evaluation requize- 
ments and criteria will be identified to guide the 
recess of evaluating locai area network architectures. 


PHASE THREE. In this phase the evaluation process wili 
ke implemented. Evaluation requirements will be mapred 
against the performance capabilities of local area 
network architectual performance classes. This will 
identify architectual classes that meet requirements. 
Within those classes, evaluation requirements and 
criteria will te used to identify example lccal area 
networks that weet the distributed design needs of 
Seige Ck. 


evaluation strategy will sérv2 to identify example 


local aréa network architectures that meet the needs cf the 


Navy' 


© SFLICE/UADPS-SF system. 
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A. NETWCRK ARCHITECTURAL DESIGNS 


Lccal area netwerks have developed in recent years to 
meet a wide range of applications in business , industry, 
and gcvernment. The increased demand for netwcecrking capabil- 
ites and data communications has resulted in a proliferation 
cf ccmpanies offering local area network systems. 
Off-the-shelf local area nétwork architectures isrplement a 
variety cf technological designs in order to previde a 
netwerk and communications service fitted to customer needs. 
The procurement of lccal area networks te support the SPLICE 
system reguires an evaluation of the performance capabilites 
of a range cf local area network architectures. The evalu- 
ation process is faced with gaining a meaningful under- 
standing of the envircnment in which the evaluation will be 
made. Understanding the architectual environment will enable 
the evaluaticn process to focus on identifying products with 
architectures that can meet SPLICE needs. To support the 
evaluaticn process a means cf classifying local area network 
architectures and products based on parformance carabilites 
is needed. 

A local area network architecture is an integraticn of 
hardware and software technologies that function tc provide 
a computer network which operates in a limited geographical 
area. Lccal area network technologies are based on a combi- 
nation of new technclogies and applications from lcng-haul 
network technologies. In attempting to evaluate local area 
network technologies and architectures a conceptual model or 
structure is needed in order to begin classifying and under- 

tanding the performance capabilites of local area netwerks. 
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In 1979, the International Standards Organizaticn (IS0) 
published the open systems interconnection (OSI) mod¢l. 
This mcdel was intended to provide some degree of compati- 
bility in the develcrpment cf network architectures. This 
compatibility was needed to support one of the basic okjec- 
tives of a network: the objective to allow users to inter- 
connect networks in crder to share data processing resources 
with no ccncern for hardware and software compatibility and 
allow aprflicaticns te be distance independent. The OSt 
model was intended to become a standard to insure compati- 
bility in a multivendor market. This is a noble goal, but 
it has net been achieved to date in the free market. 
However, the framewcrk of the model has been widely adcpted 
by manufacturers and network designers. 

The CSI model is important because it divides the 
communicaticns processes of a network station intc seven 
hierarchical layers of sevices that function to exchange 


informatcn ketween twe netwcrk stations. The OSI layers are 


_ . (on maa o A OSS oe a SEN | 
| | 
LAYER NAME | 
| 7 Application 
6 Fresentation 

{ 5 Session ( 
| 4 PLanspore 
{ 3 Network | 
2 Tata Link 
i 1 Fhysical 
= : 

=P =e EE > GLE GE EE EE CE Se eee | 





Figure 2.1 OSI Model Layers. 


depicted in figure 2.1. Each layer in the model has a 
peer-to-peer protocel cr service relationship with its coun- 
terpart layer for occnnected network stations. It is these 
services or protoccls that must be compatible for two 


staticns to exchange information on a network. 
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Lecal area networks generally span tne services of the 
bottom two CSI model layers, the physical and the data link 
layers. The physical layer provides the service to connect 
to, transmit on, and receive signals on the network trans- 
missicn medium. The data link layer provides the service to 
gain access to the shared transmission medium, address a set 
of data tc a network station, and then release the transmis- 
sion medium. Using the bottom OSI layers, the attributes of 
different lccal area network architectures can be surveyed 
with the goal of understanding their performance character- 
weeics. Ike OSI physical layer is a frame of reference to 
evaluate the network transmission medium, and the data link 
layer prevides a frame of reference to evaiuate the netwerk 
access methcds, and there related network ‘topologies. In 
additicn, the physical and data link lay¢rs provide a means 
to classify local area network products in qroupings with 


similar performance characteristics. 


Be THE PHYSICAL LAYER AND THE TRANSMISSION MEDIUM 


Many local area network capabilities are dependent on 
the characteristics cf the transmission medium used. The 
transmission medium is a physical resource shared ina local 
area netwerk architecture. One reascn to develop local area 
networks was to eliminate many point-to-point cable links 
between data processing 2quipments. Links that have tended 
to evclve in organizations without a netwerking plan. The 
result was often hidden "snake farms" in the cable trays or 
conduits under the flcors, in the ceiling, or in the walls 
cf facilities used by an organization. Lecal area networks 
help solve cable installation and maintenance problems by 
providing means to share a single cable for communications 
retween data processing equipments. 
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The transmission medium for a local area network is a 
critical part of the irstallation. There are four porular 
transpissicn mediums used in local area networks. They are 








<< 


twisted pair wir2 or cable 
baseband coéxial cable 
broadband coaxial cable 
fiker-optic cable 


a 


Figure 2.2 Popular Transmission Mediums. 


| 
| 
| | 
ee 


shown in figure 2.2 . The medium must be rugged and able to 
endure handling by construction and maintenance perscnmnel. 
It will te pulled through conduits and bent around ccrners 
and obstacles within, and between buildings. Once in rlace 
it must ke able to maintain its performance subject tc the 
assault of elements and extremes in temperature. Not cnly 
withstanding the abuse of humans and nature, it must also 
sustain @ transmissicn capacity to mest the data communica- 
tions needs cf an organization. 

The performance capability of the transmission medium is 
reflected in the "transmission sarvice" that the physical 
layer prevides to the local area nétwork architecture. The 
performance capability of the <transmission medium, fcr the 
local area network architectures, can be evaluated in «hree 
general areas: capacity, connectivity, and reliability. 
Attrikutes which generally relate +o each performance area 
for lccal area network (LAN) architectures are d2picted in 
S2guge” 2.dm. A review of the primary characteristics ane 
attrikutes that affect the performance of each transmission 


medium is made in the following sections. The review is done 
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are —————— 
| 


AREA ATTRIBUTES 


number of connections 
connection ease 
ccnnection ps RN 
CONNECTIVITY (add node between nodés) 
Gonmec-10n poduiaarity 
(adding new sets of nodes) 
ease of cable instailaticn 
distance span of network 
data rate : 
data channels available 
traffic patterns handled 
CAPACITY by network 
priority for station access 
to network 
access delay for stations 


ee SS ee 


electromagnetic interference 
system tesiliance +o failure 
system error recovery 

cable system maintenance 
system backup / redundancy 


RELIABILITY 


Pees ey eT 


| 
| 
| 


LAN Architectural Performance Areas and 
Attributes. 


Figure 2.3 
in order to assess performance capabilities that the local 
area network architectures will have, based on the transm 
Sion medium used in the physical layer. 





Twisted pair wire is a transmission medium used iz 
many local area netwerks for personal microcomputers in 
Small business crganizations. Twisted pair wiring is the 
Same as used for telerhones. ft is relatively low cost and 
can ke easily and quickly installed. However, it do¢s have 
performance limitaticns. The wiring pessesses relatively 
unpredictable electrical impedance characteristics which 
cause difficulties with impedance matching and reflections. 
im aadadition, it tends to beth emit and pickup electrical 
noise. Cue to these characteristics data rates and distance 


spans of the network must be kept low. Typical data rates 








range from 240 Kbrs (kilobits per second) vor 1 SEDs 
(Megabits per second) over network distance spans cf a f2w 
hundred feet to 3000 feet. The data rate for twisted pair 
wire is inversely prcportional to the distance spanned by 
the network (Ref. 3]. In addition, data rates are usually 
kept low in comparison to other transmission mediums to 
insure impedance matching and reflections do not affect 
network transmissions (Ref. 4}. 

Installation of twisted pair wire often requires the 
use cf ccnduit and cable trays . This multiplies installa- 
e2on costs: however, it serves to protect the wire from 
damage and isolates it from electrical noise. Physical 
connections can be easily made by aither tapping or splicing 
the wire. 

Iwisted pair wiring has drawbacks due to its rela- 
tively lcw data rate and sensitivity tc noise interference. 
Despite its disadvantages, twisted pair wiring fprevides a 
cost effective transmission medium for the less demanding 
needs of small business networks uSing personal micrcccn- 
puters. Networks using twisted pair wiring can be quickly 


and inexpensively installed to meet their office reeds. 


2. Ccaxial Cable 


Ccaxial cable provides a practical state-cf-the-art 
apprcach in implementing the physical layer cf a local area 
network. As a result it has become the most popular local 
area network transmission medium. The technology for coaxial 
cable has emerged frcm two areas. The baseband techneclcgy 
was the first to be tsed in local area networks. It evolved 
with the computer industry as a means <o provide digital 
Signal +ransmissions between data processing equipment. In 
recent years it has become the most popular transmission’ 
medium fcr local area networks. On the other hand, the 
rroadkand coaxial cakle technology developed in the cable 
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television (CATV) industry. Broadband cable uses radio 
frequency (RF) *ransmissions for communications. Recently 
broadband cakles have been used in local area networks. The 
Significantly greater capabilities of broadband have mad2 it 
a competitive alternative to baseband coaxial cable for use 
as the physical layer in local area networks. The potential 
local aréa network customer's choices between a broadband or 
baseband local area network must be based on a well defined 
set cf performance requirements tO insure the mest ccest 


effective choice is made. 


Eas¢band is the simplest of two coaxial cable 
approaches. A baseband local area network provides a single 
communicaticns channel for digital signals. That channel is 
shared by all staticns attached to the network. Baseband 
coaxial cable is used by many vendors in their local area 
networks. Baseband implementations are backed by a proven 
technology. Baseband provides a high capacity medium that 
is simple tc install and has low hardware costs. However 


the overall performance of a baseband network depends on the 


combinaticn cf access method, humber of attached stations, 
and distarce spanned by the network. The overview of kase- 
band performance chacteristics shall highhaght that 
dependency. 


Easeband coaxial cable offers a single channel band- 
width of less than 100 MHz. Typical baseband implementations 
support data rates in the range of 1 to 10 Mbpe over 
distances of 3000 to 7500 feet. With special techniques a 
data rate of 50 Mbps over a distance of 3000 feet has been 
achieved with baseband. In typical networks, depending on 
“Cable specifications, increasing the spanning distance by 
several hundred feet can be achieved with data rate reduc- 


tion cf a few megabits per second. However, as with any 
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system the trade cff may not be so clear cut. Distance on a 
baseband cable plant can be increased by adding cabl3 
segments. Repeaters are required to regenerate Signals when 
the cable length exceeds an allowable maximum, usually 1500 
to 3600 feet, or when the transceivers for attached staticns 
exceeds a maximum number, usually 100 to 250. 

Eas¢band coaxial cables are designed for noise imnmu- 
nity and ruggedness. The cables generally have a ccpper 
center conductor surrounded by anoncecnductive insulator. 
Around beth is a coprer mesh encased in a polyvinyl jacket. 
Diameter of the cable ranges from .3 to 71 inch. The cable 
design with the wire mesh allows for easy use of vampire or 
penetrating type taps. However, the mesh design also makes 
the cable less rigid so conduit must be used to support the 
cable fer installaticn. 

Installation of baseband cable is relatively easy. 
The cable needs to be routed in a facility near the location 
where a physical connection is tc be made. For a bus or 
broadcast type configuration of the baseband cable a connéc- 
tion is made by a transceiver. The transceiver connection 
is made with a pressure type or vampire tap which "ccres" 
the cable. This connection can be made without disructing 
the netwcrk operaticn. Controller hardware is attached to 
the transceiver to implement the data link service when 
powered. The simplicity of routing the cable directly to the 
location for a connection may present a problem in providing 
adequate cable trayS or conduit +o protect the cable. 
Transceivers may be flaced on the cable in anticipaticn of 
future ccnnections. Their placement will have no effect cn 
the cable as long as they are left unpowered by a 
contcciler. Placement of transcéivers can be arkitrary, 
subject to a minimum Spacing iimitation of 5-6 feet between 
them. Repeaters lend flexibility to cable plant design. 
Cable segments are typically 1500 to 3600 feet. Repeaters, 
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which regenerate signals, are used to connect two cables or 
multiple segments to form star and tree configuations. The 
use cf repeaters then becomes the limiting factor on the 
distance spanned by the cable plant. Repeaters regenerate 
all signals on the ccaxial cable. That means they amplify 
both valid signals and noise without any discrimination. If 
too many repeaters are used the valid signal is lost. 
Therefore, there is a maximum number of repeaters that can 
be used tetween any *two stations on the network, usually 2 
to 5. This limits thé spanning distance of a baseband cable 
netwerk tc a range of approximately 7500 feet. 

Baseband cable systems, with cable segments between 
repeaters, permit easy fault isolaticn of damaged cable 
segments. Cables can be separated at repeaters and tested, 
using manual trouble shooting techniques, +o ieolate <a 
damaged cable segment for repair or replacement. In addi- 
tion, connectors can te placed in the cable at predetermined 
intervals +c permit easy replacement of damaged segments 
without affecting a large number of connections. The connec- 
tors can also be used to install temporary bypass segments 
while rerfair work is being done. This’ will permit the 
network to function less the stations connected to th2 
damaged segment. [Ref. 5] 

Redundant cable configurations are use inonly a 
limited number of baseband networks. Use of redundant cables 
requires the use of special controllers or adapters to 
provide multiple connections of data processing equipment. 
The added hardware ccst can be offset by an increase in data 
rates and network reliability. Multiple redundant cabdies 
can ke simultaneously used to increasé data rates, and 
failure of a single cable will still enable the network to 
continue cpéeraticn at a reduced data rate. However, instal- 
jation cf redundant cables will require route planning to 
insure the physical separation of cables to avoid damaqae to 


more than one cable at any single location. 
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Baseband coaxial cable is a network transmission 
medium that is simple to install and relatively easy to 
maintain. It can support high data rates over distances 
typically required by of local area nétworks. With the use 
of digital signaling it provides an effective and reliable 
data ccmmunicaticns medium that is widely used in off-the- 
shelf local area network architectures. 


GY. Broadband Coaxial Cable 


Broadband coaxial cable systems have a high tand- 
with, 250 tc 400 Mhz, and radio frequency (RF) transmissicns 
With these characteristics broadband can offer a higher 
communications capacity than kaseband. Broadband systems 
cffer data capacities from 1 +0 25 Mbps. The wide range in 
data capacities is dependent onthe capacity of the RF 
modems used in the systen. The higher the capacity of the 
RF mcdem the higher the cost. RF nodems accept data signals 
from devices attached to the network and convert it to RF 
Signals. The RF modem signals are assigned to preassigned RF 
channels utilizing frequency division multiplexing (FDM) 
technigues. In crder to efficiently share RF channels, the 
RF modems can also use time division multiplexing (TDM) 
access methods. RF modems operate from a few bits per 
second up tc 5 Mbps. A typical broadband cable network can 
use five 5 Mbps channels and still use less than 30 Mhz of 
randwidth. This is cnly a fraction of the available t-and- 
width in the systen. Hence, a majority of the cables 
Capacity is available for video and voice communicaticns 
services when special voice and video modems are installed. 
A breadband cable network can Simultan2ously support iow and 
high speed digital channels, and analog traffic using 
different RF channels. Broadband cable offers a capacity 
that meets the data communications needs of most users and 
still has the capacity to support adding video and voice 
services. 
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Broadband can provide a network service over qreéater 
distances than baseband. This is due to the performance 
chacteristics of RF transmissions which minimize phase and 
amplitude distortion and limits low frequency noise. The 
broadrand network technology utilizes a Central 
Retransmissicn Facility (CRF) which receives RF signals from 
devices cn lew frequency channels, filters, amplifies, and 
réetransmits the signal on a higher frequency channel tc all 
devices. Broadband cables use -passive splitting and 
branching techniques, unlike the active repeater used in 
baseband. With fassive cable splitters, RF signals can be 
distributed in local facilities without the use of ampli- 
fiers. When distances exceed 2000 feet, amplifiers with 
filters can be used to extend the network span up to 40 
Biles. 

The use of a breadband coaxial cable plant offers 
the akility +o make ccnnéctions to many users. Typically, 
the number cf physical connections to a network range from 
200 to over 10,000. Off-the-snelf hardware technclogy 
develcped in the cakle television industry provides versa- 
tile ccmbinations of cable splitters, taps, feeder cables, 
user outlet tap cakles, and trunk cables to facilitate 
troadkand cable installation. Broadband trunk cables have 
solid aluminum shields which make them more rigid than base- 
band cables. The aluminum shield inhibits use of "vampire" 
taps kut also reduces the need of uSing conduit te protect 
cables. In addition, with the use various combinations of 
cable splitters, feeder cables, and user outlet tap cables, 
network installers can provide user connections at virtually 
any work Ilcecation. Using installation hardware, user 
connections can te éasily made to main trunk cables. This 
can be dcne without laying main trunk cables too near user 
work sites where they are more apt to be damaged. This 
combinaticn of factcrs is important <*o achieving both 
connectivity and reliability in the systen. 


21 








A major consideration in the installaticn cf a 
broadband system is the RF modems needed to make user 
connections. Many vendors offer RF data modems and costs 
increase with the capabilities of modems. A typical price 
range may be $750 fcra 9.6 Kbps data rate modem to $6000 
for 5Mbps data rate modem. However, a Single meden may 
service a single mainframe or minicomputer, or with a 
contr¢cller, a cluster of terminals. 

A broadband network is flexible in supporting us2r 
modifications and additions. When work functons change at a 
user site or are moved between exsisting sites, all that is 
required is a switching or replacing of the RF modems to 
meet user needs. Adding new users involves installing afpro- 
priate hardware connections, an RF modem, and adding the new 
staticn to the network directory. Cable extensions and 
amplifiers can be used to add new floors or new buildines to 
a network. This can be done without modificaticn of 
currently operating network facilites. 

A broadband network requires an extensive haxrdware 
investment to establish the intial system. Communications 
planners must analyze data rates and channel requirements 
needed by the user in order to identify &@ cost effective mix 
of RF modems to be used in the systen. In addition, the 
systems laycut in térms of RF power must insure that the 
central retransmission facility is optimally located. Once 
installed, the netwerk must be tuned for impedance and 
Signal levels. 

Broadband systems cffer a number of features which 
enhance reliability and provide for system backup. The 
hardware used for installing cabl2 plants is backed by the 
proven and time tested technology of the CATV industry. 
Maintenance of a broadband system can be automatically 
contrclled by a monitcr system. A monitor system is usually 


located with the central retransmission facility. The 
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monitcr system can monitor the network facility in real 
time, previde detailed fault analysis, recommend repair 
procedures, and maintain a network management and infcrma- 
tional database. Redundancy can b2 easily implemented when 
lt is necessary to provide backup systems for the network. 
The low expense of central retransmission facility equipment 
permits redundant installation. In addition, the simplicity 
cf central retransmission facility equipment promotes high 
reliatility and easy repair. Redundant installaticn of 
amplifiers is done by using hot standby amplifiers or 
connecting two amplifiers in parallel. Networks can be 
installed with redundant cables. When redundant cakles are 
installed, user connections are made to the cables using 
cable splitters so communications can be implemented on 
Gither cable. Using the above techniques, redundancy can be 
€asily implemented throughcut a broadband cable system to 
insure reliability. 

In addition to flexibility and connectivity cf the 
physical installation, a broadband system can be used to 
achieve multiple logical configuations using channel and 
frequency assignment schemes. This enables a single network 
to be used as multiple networks on a one cable system. This 
design technique can be used to connect groups of devices 
that are ccmpatible wath ¢ach other on one channel, but are2 
hot ccmceatible with cther devices in the organization. This 
can serve te reduce the need for specific network intezfaces 
for equiprrerts that share a common protocol [{Ref. 6]. RF 
channels within the network can be dedicated in support of 
specific functions, fcr priority users, and security appli- 
caticns. In addition, control and data channel combinaticns 
can be implemented on the network to support communications 


management functions. 
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Broadband ccaxial cable networks offer the capa- 
bility tc handle comkined data, voice, and video ccmmunica- 
tions fer theusands cf users over a wide geographical aréa. 
Fiber optic sublinks, which are used to provide isolaticn or 
security fcr network nodes, can be used with broadband 
netwerks (Ref. 7}. Refinements and new innovations in 
broadbanec cable, hardware, and RF modems can be expected for 
future breackand systems. 


5. Fiber-Optic Cable 





Fiber-cptic cable technology, with the use of light 
wave transmissions, offers many potential advantages over 
conventicnal metallic transmission mediums. However, it is 
only beginning tec make its debut from the experimental envi- 
ronment. Asa result, off-the-shelf commercial applicaticns 
are limited. Its use in local area networks has been gener- 
ally limited to point-to-point communications links. 
However, the medium dces offer characteristics which make it 
useful in specific applications. 

Fiber-optic cables offer an extremely high tand- 
width, 1t02 GHz (fillion cycles per second). The major 
drawback tc using fiber-optic cables in local aréa networks 
Is the lack of suitable cable splitters to facilitate 
kEranching and cost effective taps to add stations. 

The fiber-optic medium does offer potential advar- 
tages that should motivate its technological develovomen* in 
the next decade. Fiber-optic cable has no electrical current 
to prcduce sparks which makes it Suitable for use in 2xplo- 
Sive environments. It is immune to electomagnetic and radio 
frequency interference, unlike metallic cables, so transmis- 
Sion are cf high integrity. + offers a relatively secure 
medium that cannot be "bugged" without actually tapping the 
cable, which is a difficult and detectable process. 
Fiber-optic cables are light weight, compact, and rugged. 
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They can be easily installed and have the capacity to 
replace ccaxial cables 20 times their size and weight. The 
frotential fcr easy and low cost installation make it an 
attractive alternative for use in local area networks 
located in crowded business areas. 

Improvements in the installation technolcgy for 
fiber-optic cables can be expected in the next few years. 
Technclogy advances should include the development of 
improved catles, cable splitrers, and taps. These ~echnolo- 
gical advances are needed to make it a practical transmis- 
Sion medium for local area networks. 

A ccmprehensive survey of fiber optics as applied +o 
local area networks is beyond the scope of this thesis. 


C. THE CATA LINK LAYER 


The data link layer is the second layer of the OSI 
model. It provides the service necessary to communicate on 
the shared transmission medium of a local area network. The 
layer prevides for the exchange of data between any two 
stations cn a logical network link. The factors needed to 
implement this service are a network access method and its 
related shared cable topology to establish a logical link 
ketween two stations, and a link control protocol tc manage 
the exchange of data retween two stations. 

The network access method and its related cable topology 
are the key factors in establishing a logical communicaticns 
link between two stations on the network. The topoloay of 
the network insures that logical communications link does in 
fact have a path on the transmission medium between two 
stations. The access method provides a mechanism by which a 
Staticn acquires and subsequently releases the shared 
transmissicn mnediun. 
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The actual data transfer ona logical link is accca- 
plished by a link control frotocol. Once the transmission 
medium has been accessed, the link control protocol func- 
tions tc frame the data in a packet, and contrels the 
exchange cf both control information and data on the ccmou- 
nications link. Packet switching techniques such as X.25 
and kit criented pretocols such as High-level Data Link 
Contrel (HDIC) used in long haul network architectures in 
the past decade have teen a basis for désigning link ccntrol 
Eqporocols. The protecols used provide a means to identify, 
or frame, the data and control information sent on a local 
area netwecrk. Necrmaliy, sender and receiver addresses ars¢ 
identified in the frame formats. The framing mechanisms are 
used to indicate the begining and the end of each frame. In 
addition, error detection codes and supervisory data are 
used tc reveal errors and delimit or synchronize interreta- 
tion cf the data in a frame. 

In order to evaluate the performance chacteristics of 
commercial leccal aréa network architectures from the data 
link perspective, tke classification of architectures based 
on access method and topology is useful. In the realm of 
local area networks, many combinations of access methods and 
topolcgies have been used in ¢xperimental, in custom built, 
and in off-the-shelf networks. However, to focus on off- 
the-shelf ccmmercial local area network architectures, the 
access methcd and tcpolegy categories are narrowed dcwn to 
five ccmbinations depicted in table I. 

The performance capability of each access methcd/ 
topolcgy class can he evaluated in three general areas: 
capacity, ccnnectivity, and reliability. Local area network 
architectural attrikutes which generally relate to the 


general yferformance areas are depicted in figure 2.3 . 
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TABLE I 
Access Method and Topology Categories 


ACCESS METHOD TOPOLOGY 
CSO MAJ CL ccc ec s sec ece ee DUS 
Token Fassing........Bus 
Token Fassing.......-Ring 
SB G@ieet. 4.6 as - 0 cic ec «sa RING 


Central Controller...Star 


im Cenjeal Contzebier - Star Tepology 


Star networks have their acess contrel based ata 
central cr controlling master station. In commercially 
available networks, twisted pair wire and coaxial is used in 
*he physical layer. The transmission medium is used to 
connect eéach staticn to the master staticn in @ star 
configuraticn. In the star network, the master station 
functicns as a switching unit which establishes rpcint-to- 
roint ccnnections between communicating staticns. This type 
of network implementation 1s popular for use with micrcccn- 
puter netwerks used in offices of small businesses and 
crganizaticns. 

Central control star networks have data rates that 
Tange between 400 Kbrs and 800 Kbps over distances of up to 
1000 feet (Ref. 8]. They have the advantage of a simple 
access method which involves polling schemes used by the 
central station. The polling schemes provide virtually 
contenticn free service with low traffic delays. The 
polling access methods can easily handle bursty, regular, or 
real time ccmmunicaticns traffic. In terms of reliability, 
Single station ‘failures or damage to a transmission line 
will effect oniy a singie station in the network. However, 
a major disadvantage of the system is that a failure of the 
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central station will terminate network service if an on-line 
central station is not used for backup. Another disadvan- 
tage is that there is a limit to the numbez of stations that 
can be directly connected to the ceantal station. 


Topoicgy 


The bus topolegy is used in the implementations of 
both the Carrier Sense Multiple Access with Collision 
Detection (CSMA/CD) Fus and the Token Bus access methods. 
The bus tcpology has inherent performance characteristics 
common to both implementations. In a bus topoiogy trans- 
mitted messages are broadcast by the originating station 
over the entire netwerk. Stations sharing the netwerk must 
check +ke message tc determine 1f they are the destination 
station cf the message. Broadcasting is simple because 
routing cx forwarding of the message is not needed. The 
absense cf routing or the forwarding of messages suprforts 
rsliakility since network resists single point failure of 4 
staticn. A bus topclogy supports a high degree of connéc- 
tivity with any transmission medium. I* has the flexibility 
to sasily add new stations between exsisting staticns on the 
bus. In addition, the bus can easily support modular exten- 
Sions which involve adding cable extensions with stations in 
new sites of a facility. Another unique advantage of the 
bus is that it offers the capacity to support access methods 
designed for a ring topology. The bus can be used tc fcrm a 
"Yogi¢cai" wing in crder to implement access metheds 
designed for ring tcpologies; the reverse is not fossible 


for tke ring. 


The Carrier Sense Multiple Access with Ccllision 
Detection (CSMA/CD) is an access method used to share ths 


transmission medium in networks with a bus topology. This 
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is a random access method for accessing the bus which is 
relatively simple to implement. As a result, CSMA/CD is used 
in many commercial local area networks. To transmit 24 
message, each node or station on the network listens for 
broadcasts cn the cable and senses when it is not in use. 
If the cable is idle, the node immediately assumes control 
of the cable and transmits a message frame. To avoid simul- 
taneous transmissions, a station will normally monitor the 
cable during transmissicn to detect a collision with ancther 
node's transmission. In the event of a collision both nodes 
will cease transmission and wait a random time béfore 
attempting transmission again. 

The CSMA/CD access method 1S Simple to isplement 
using most transmission mediums. CSMA/CD's performance in 


terms cf capacity for typical commerciai networks is 


TABLE If 
Typical CSMA Capacity Performance 


MEDIUM DATA RATE DISTANCE 

Twisted pair wire 1 Mbps 1000 feet 
Basektand coax 10 Mbps 7500 feet 
Proackand coax 5 Mbps/channel 50000 feet 
{Ref. 18] 


reflected in the takle II . CSMA/CD has the advantage of 
bkeing able to meet Ligh demands of bursty users and still 
Maintain high utilization of the network. Studies indicate 
that when network stations offer a traffic load above 100% 
or the network data rate, utilization remains above 95% 
{Ref. 5]. An issue often raised over CSMA/CD concerns the 
nondeterministic delay that stations face in real time 
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applicaticns. This is often sighted as a factor to favor 
polling or token access methods. However, when the percb- 
ability cf recovering a lost or damaged token is considered, 
these access schemes also have a nondeterministic attribute 
when suprperting real time applications [Ref. 9]. ees Saag pages a ot 
Capacity disadvantage of CSMA/CD is that there is ho 
priority mechanism, all stations have equal access to the 
network. This might be considered a critical disadvantage 
when real time process control communication is needed by a 
user. 

The CSMA/CD method has the advantage of supporting 
flexibility and modularity in adding network stations. The 
contrel fer accessing the network given to each station by 
the CSMA/CD will result in Significant performance degrada- 
tion when a large number of stations are connected. The 
number of stations that can be connected is also limited by 
the number cf physical connections that can be made tc the 
transmission medium cr the addressing format uséd in the 
laa control protocol. 

In terms of reliability, the advantage of dis*rib- 
uted access control for CSMA/CD networks is that station 
failures de not affect the system. Hence, a complete system 
recovery is not necessary for a station failure. However, 
it is desirable to initiate recovery action for the failed 
Seecacon ("1.é., to diagnose and possibiy repair the failed 
staticn cr te transfer the failed station's workload to an 
Operational station). A reliability disadvantage for 
CSMA/CD networks is that collision detection depends con good 
transmission characteristics of the transmission mediun. 
This is cf concern when using twisted pair wire or baseband 
coaxial cable. During a transmission, noise and reflecticns 
from a damaged cable or faulty connection may be recognizeéc 
és a collisicn and the transmission will be aborted. This 


will continue until the fault is repaired. However, 
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broadband ccaxial cable which transmits and listens on 
separate channels is less suseptable to the preblem. 
Broadband networks use a central retransmission facility to 
retransmit a message for broadcast on a higher fregency than 
criginally transmitted on. Broadband collision detections 
acre usually made by a bit by bit comparison of the retran- 
smitted messages on the higher frequency channel to the 
message criginally sent. 

CSMA/CD is a Simple access method that can be effec- 
tively used with a variety of transmission nediums. 'T% is 
the most popular access method used by commercial local area 


network vendors. 


The token passing bus is a variation of tke token 
passing ring access method. However, a bus +tofology is 
used, and the staticns or nodes are considered to be ina 
"logical ring". This access method is a complex inplementa- 
tion; however, it dces offer unique performance characteris- 
tes: This method is a polling scheme in which a ccntrol 
token is passed frem node to node in a "logical rina" 
sequence. Only a station that has the token has the right to 
btroadcast a message cver the bus while others listen. At the 
end of the transmission, or if the node has no message +o 
send, the tcken is passed to the next node in the "logical 
ting" sequence. Normally, a node can retain the token and 
transmit messages for only a specified period of time. 

The token passing bus offers a unique set of perfor- 
Mance characteristics. In ‘*t¢exrms of capacity, typical 
networks have data rates of 2.5 Mbps to 1 Mbps over 
distances cf 5000 and 30,000 feet, respectively. These 
capacity characterisics represent a trade off between data 
rate and distanc2 in the networks. A disadvantage is chat 
for bursty traffic, the network bandwidth is not available 
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cn demand. The token passing scheme has an overhead in 
available network bandwidth. A traffic capacity advantage 
is that the poiling scheme has a deterministic delay fora 
node's access to the network. However, this snceuld be 
considered in respect to the probability of recovering 4 
lost tcken in real time. 

In terms of reliability, the token passing on a tus 
does not depend on a physical ring, only a logical fring. 
Conventicnal physical ring networks are suscentible to 
failure when a single node fails, but the logical ting of 
the bus is not as susceptible to failure. However, the 
potential of losing a token to noise on the bus, or whena 
node fails, does pcse an important reliability considera- 
tion. Tcken recovery procedures must be effective in making 
recovery cn a real time basis. 

Ccnnectivity performance of the token passing bus 
retains the desireable features of a bus topology for adding 
new ncdes. However, a set of complex algorithms are needed 
+o start up the netwecrk systen, and to efficiently add and 
delete nodes from the token passing scheme (Ref. 10]. 

Cverall, the token passing with a bus topolccy is a 
complex local area network implementation. dowever, it does 
gain real time processing advantages for the bus topclcgy 
while avciding the reliability and connectivity disadvan- 


tages cf teken passing on a physical Ting. 
5. Zhe Ring Lopciogy 


The token ring and the slotted ring accéess methcds 
both use a ring topology. The ring topology has performance 
characteristics inherent to both access method implementa- 
tdkOTRS.. In the ring, message traffic flows in one direction 
around tke ring. A message transmitted by a node in the ring 
is received and forwarded around the ring by the other nodes 


until the messag2 is received by the originating node. Nodes 
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or 


form an active string of repeaters for the transmiss ° 
messages cn the ring. This design has both verformance 
advantages and disadvantages. In terms of capacity, the us 
of retransmission at each nod@ can provide a high netwerk 
data rate if short distances are maintained between necdes. 
Using nodes as an active repeater string also allows the 
network tc span long distances. This use of point-to-point 
transmissions enables the network to span long distances 
while using twisted fair wire or coaxial cable. The ring 
topology performance in terms of connectivity has disadvan- 
tages in scme isplewentations. The flexibitiy to add new 
staticns between stations is minimal. In order +*o adda 
staticn the cable must be cut ¢0 install a repeater for the 
connecticn. This process disrupts the entire network. 
Modular expansions of the network to add new staticns in a 
cutlying leccations also réquires cutting the cable and 
disrupting the network. In addition, running a cable in the 
hidden lccations of conduit, cable trays, ceilings, flcors, 
and walls, ei verstill ia@ineeatnings the rang” confizrgura- 
tion, is a challenging probiem. 

In terms of reliability, the ring topology has addi- 
tional performance disadvantages. In some ring networks, 
cperation cf the network depends on the reliability ofa 
repeater string. A single point repeater failure can break 
the ring and down the network. Techniques to bypass the 
failed nedes are available. However, if distances between 
the nedes are long, the increase in transmission distance by 
bypassing a failed nede can create problems if there is no 
Signal regeneration. Bypassing one node will double trans- 
mission distance, and failure of adjacent nodes, could 
triple the transmission distance. This effect limits the 
distance that can be Letween nodes in a network. [{Ref. 3] 
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The ring topology has capacity advantages in data 
rates and distance s¢pan of the network. However, this is 
achieved with a trade off that limits connectivity and reli- 


ability cf the network implementation. 
6. Token Passing Ring 


The token passing ring access méthod is implenented 
with staticns or nodes in sequence in a ring configuration. 
In this access method a control token, message frame, is 
circulated around the ring. If a station has a transmission 
to make it removes tke token, sends a data frame, and then 
puts the token back into circulation. The sequence in which 
the token is passed is not necessarily dependent on the 
physical sequence of the stations. Each station must check 
the désination address of the token Since only the destina- 
tion station may remcve the token to transmit. Data trans- 
missicns on the ring are regenerated at each node in the 
physical ring sequence. Destination nodes may copy data 
from the data frame, but only the originating node can 
remove the data frame and return the token. Only one 
message can be cn the fring at one time. Since a single 
token controis all messages, collisions are not possible and 
collisicn recovary precedures are not needed. In addition, 
the us¢ of a token provides for decentralized access 
Gont rel. 

Token pasSing rings have capacity advantages. W oh 
point-to-fcint transmissions between nodes, data rates are 
typically 10 Mbps with distance limits between nodes of 750 
feet using coaxial cable. Also, wide network spanniag 
distances are possible if repeaters ar2 used between 
staticns. However, the number of repeaters that can be 
rlaced between active stations has a limit because the 
repeaters amplify rEcth valid signals and noise withcut 


discriminaticn { Ref. 11}. The point-to-point transmissions 
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allow for easy adaptability of various transmission mediums. 
However, the use cf baseband coaxial cable is the mest 
commen. The accéss méthod can be used to support a priority 
scheme fcr access of staticns to the network. The polling 
technique used with the token gives Stations deterministic 
access delay times. However, the probability of recovering 
from a lost or damaged token can give the access delay time 
a nondeterministic attribute [Ref. 9]. In addition with 
token fassSing, high user traffic rates are serviced with no 
degradaticn cf network services as a result of collisions. 
In contrast to the capacity advantages, token 
passing rings have inherent disadvantages in connectivity 
and reliakility due to their physical ring topology. The 
key disadvantage in reliability, is the ring topology's 
dependence on an active repeater string, in some implementa- 
THons. In addition, the possibility of losing a token on 
faulty transmissions requires standby procedures tc recover 
the token. Also in scme implementations, the flexibility in 
adding stations between nodes, and adding groups of stations 
on modular extensions to the netwotk, is limited by the ring 


tapolegy . 
7. Zhe Slotted Ring 


The slotted ring access method uses a physical ring 
stopology. Only one commercially available network, POLYNET 
by Logical Incorporated, was covered. In this approach, the 
netwerk ring is divided into slots using a circulating 
pattern of bits. Each slot carries a header which identi- 
fies 1t as an empty cr full message slot. A typical imple- 
mentaticn provides 1€ slots. To transmit, a node seizes an 
empty slet by marking it full, and inserts an information 
packet of a fixed size. Each network node receives all slots 
as they circulate. Each slot is examined by a network node 


+o determine if it is the destinaticn node. If a node is the 
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destinaticn node of the packet, it copies the data and marks 
the the slot free, otherwise, it retransmits the full slot. 
This approach requires an administration node to intiate and 
maintain the slot bit pattern. 

This access method can support a data rate cf 10 
Mbps using twisted pair wire or coaxial cable. The peint- 
to-point transmissions around the ring facilitate the high 
data rate. This methcd has the capacity advantage of being 
able tc support concurrent message traffic for stations on 
the ring. This feature allows it +0 easily adapt tc a wide 
range of data rates cf attached equipments [Ref. 13]. The 
Number and maximum size limit of the frames, limits the 
ability tc effectively use the available network bandwidth. 

In terms of connectivity, the slotted ring method 
inherits the disadvantages cf the ring topology. Stations 
cannot be added withcut disrupting the network. Reliability 
of the slictted ring also has the disadvantage of depending 
on an active string ef node repeaters for network operaticn. 
Another reliability disadvantage is that the use cf a 
contrcl nedé responsible fcr maintaining the slct pattern 
centalizes network ccntrol. A control node failure will 


result in network failure. 


D. CLASSIFICATION OF LOCAL AREA WETWORK ARCHITECTURES 


In crder to evaluate performance capabilities of local 
area network products, they can be classified based cn their 
architecture. Lcecal area network products can be classified 
based on the following two areas; the physical layer trans- 
Missicn medium and the data link layer access method with 
related topology. 

Currently available, off-the-shelf, local area networks 
are classified in three figures. Figure 2.4 classifies 
local area networks with a central controller access method 
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and a star topclogy. Figure 2.5 classifies local area 
networks with CSMA/CD and token access methods that usé a 
bus tcpclogy. Figure 2.6 classifies local area networks with 
token ring and slotted ring access methods that use a ring 
eopelcgy. When local area networks are classified in this 
Manner, performance capabilities can be attributed to each 
architectural class of off-the-shelf local area netwerks. 
An architectural class is identified by both transmissicn 
medium, and access method/tcpology. 

This performance classification scheme for local area 
netwcrk products will assist the SPLICE local area netwerk 
evaluaticn process. User needs will identify the performance 
capabilities needed in the SPLICE local area networks. Eased 
on SPLICE needs, the architectual class, or classes, can be 
identified which have the potential performance cafablities 
to meet those needs. The evaluation process can then focus 
on example vendor products in the class, or classes, 


identified. 


E. STATUS CF LOCAL AREA NETWORK STANDARDS 


In the face cf tke growth cf local area networks, users 
have beccme concerned with their capability to interccnnect 
avariety of data precessing equipment with a network, and 
to interconnect networks. This has generated a need for 
local area netwerk standards. As a result, local area 
networks have become a concern of both international and 
NnMaticnal standards orgnizations in recent years. The maior 
effort has been in the Institute of Electrical and 
Electronic Igineers (IEEE) Project 802 Committee. The 
standards effort of Froject 802 has been to ensure ccmpati- 
bility between equipment made by different manufactvrers, 
such that data communications can take place with a mininuno 


of effort cn the part of builders or users of neéetwerks. 
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Since 1981, the Preject 802 Committee nas had iimited 
success in gaining support for any on2 approach. Howeve 
the standards being considered are compatible witn the ISO's 
Open Systems Interconnecton (OSI) model. Considération has 
revolved arcund CSMA,/yCD Bus Baseband, CSMA/CD Bus Broadband, 
Token Passing Bus, and Token Passing Ring. Of primary 
consideraticn has been the specifications for a CSMA/CD Bus 
Basetand specificaticn, using Ethernet as a model. thernet 
was made a defacto standard for baseband local area networks 
in September 1980, when Digital Eguipment Corporation (LEC), 
Intel Corporation, and Xercx jointly published the specifi- 
cations. In the fall of 1982, an Ethernet-like specifica- 
tion was recommended by Project 802 to the IEEE. This 
happened cnly after it had been adopted by the European 
Computer Manufacturers Association, and had received the 
endorsement of 20 network vendors. Final approval cf the 
TEESE Ecthernet-like standard is anticipated in 1983. 
In addition, for t-roadband local area networks, the IEE 
Project 802 Committee has endorsed a single cable, nid-split 
requency allocation standard, TR 40.1. This standard was 
originally developed and proposed by Bre, Eiesetrcnics 
Industries Associaticn (EIA). {Ref. 12] 
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Tit. SPLICE EVALUATION REQUIREMENTS AND CRITERIA 


A. SPLICE EVALUATION PROCESS 


The €valuaticn precess for SPLICE local arsa networks 
begins with understanding the SPLICE system environment. 
This urderstanding will help in developing @ strategy to 
focus on the performance capabilities of the locai area 
network architecture that are needed to Support a meaningful 
evaluaticn process. 

The next step in the evaluation process involves identi- 
fying local area netwerk performance capabilities needed for 
SPUDCE. This involves development of evaluation requize- 
ments and criteria. Evaluation requirements are those func- 
tional perfcrmance capabilities which are essertial in 
meeting SFLICE design needs. The evaluation requirements 
develcped are kept toa minimum in order to avoid unneces- 
Sary restrictions which would unfairly narrow the evaluation 

rocess. Hcwever, they must include the minimum set of 

requirements that, if not met, would make a Iloecal area 
netwerk architecture unsatisfactory in meeting the design 
goals of the system. Evaluation requirements will be guides 
in identifying example architectures that mest SPLICE design 
needs. In order to identify example local area netwerk 
products, with architectures that meet the requirements, a 
set of evaluation criteria is also developed. The 2valu- 
ation criteria serves asa guide to assess the performance 
capabilities and desirable features of example netwerk 
products. This assessment will identify local area netwerk 
architectures that can meet the needs of the Navy SFLICE 
project. 
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Functional design needs and specifications for the 
SPLICE lcecal area networks are found in the Function 
Description [{Ref. 1] and the Solicitation Document [Ref. 14] 
for the SELICE project. In addition, a functional d¢sign 
cf a lecal area retwerk for SPLICE has been recommended as a 
result cf research dene at the Naval Postgraduate School and 
supported by the Fleet Material Support Office [ Ref. 15]. 
These documents provide a basis for identifying Ecth the 
evaluaticn requirements and evaluation criteria needed for 


the evaluaticn process. 


Be SFLICE LOCAL AREA NETWORK DESIGH ENVIRONMENT 


The SFLICE system has a need for three data communica- 
tions networks: one long haul network, and two lecal area 
networks. The long haul network, the SPLICE network, will 
provide data communications between 62 SPLICE locations in 
CONUS and the Pacific. This network will use the planned 
Defense Data Network (DDN) to communicate between SPLICE 
locations. In addition, there will be two local area 
netwerks for each SPLICE configuration. Ther? may be one or 
more SPLICE configurations at each SPLICE location. Within 
each SPLICE configuration, a local area network is needed to 
support data communications for a "Background" system, anda 
second iccal area network is needed to support data ccmmuni- 
caticns in a "PForegrcund" system. Both local area networks 
will interface to a "Front End" system, this is a ccmmunica- 
tions management system to Support inter-site and intra-site 
communications. Understanding the SPLICE local area 
netwecrk environment involves understanding the SPLICE 
configuraticn of three interrelated systems. A descrirftion 
of each system is provided to provide a basis for defining 
evaluaticn requirements and criteria. 
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1. The “Backgrounc" System 


Within the “Eackground" system there is a need fora 
local area netwerk tc provide ahigh speed data channel 
between host mainframe computers and their peripherial 
equipment. This high speed data channel can be referred to 
as the Background Local Computer Network (BLCN). The design 
Gencept fcr the BLCN is to support data communications for 
host mainframe ccmputer systems. The hosts include Burrcughs 
Medium Ccmputer Svstems and other mainframe computer systems 
that will be dedicated to batch processing and large data 
base management. Applications that include large file 
processing and report generation functions will need a very 
high speed communications service between the hosts and 
peripheral equipment. In addition, the BLCN will provide the 
Capability to off lcad data communications management and 
interactive processing management tasks to the “Frent Erd" 
system. This facilitates off loading a work load that is 
beginning tc force hest ccmputer systems into saturation. 
The off loading is intended to extend the useful life of the 
backcround computer systems into the 1990's. This will 
allow present applications of the "Background" system to 
expand withcut early saturation. At the same time, new 
applicaticns can be targeted for the "Foreground" systen. 

The "Background" system will conceptually beccme a 
locally expanded, or dispersed, data center operation tied 
together with the BLCN. This mainframe environment nesds 
relatively little flexibility to reconfigure for new appli- 
cations. However, the BLCN needs to provide very high 
capacity and highly reliable data communications service to 
support present applications as they expand. No single 
FOolnt cr data link failure shculd interrupt the BICN's 
communications service. The BLCN evaluation procéss must 
focus cn performance in terms of capacity and reliability in 


crder toc support this mainframe oriented environment. 
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2. The "Front End" Systen 


The "Front End" system is a Front End Processor 
(FEP) system. This FEP system will interface to both the 
"foreground" and "background" systems. The FEP will bea 
miniccomputer system designed to off load communications 
Management, and terminal management tasks, from the "LEack- 
ground" system. The FEP system will manage both intra and 
inter site communications for the SPLICE configuration. [It 
will te a three (3) Way ccmMunications gateway between the 
"backgrcund" system, the "foreground" system, and the SPLICE 
network. An important concept in the development of the FED 
system is the virtual local area network design approach 
proposed in developing the software modules for communica- 
tions and terminal management. This design approach 
supports twe functional features important for consideration 


in the SELICE local area network evaluation process: 


* The local area networks should support bcth a 
datagram and virtual circuit style communications 
service fcr intra network communications, and 
interfaces to the Internet Protocol fer inter 


network communications. 


* The local area networks should have a decen- 
tralized access control system for sharing the 
communications medium. This is to support a 
legical design which has a "virtual" control bus 
for control messages anda "virtual" data bus for 
application and data messages. [Ref. 15] 


The datagram style message service is typicall used in 
almost all off-the-shelf lecal area network architectures 
using bus or ring topologies. 
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3. The "Foreground" Systen 


The SPLICE "foregrcund" system is a minicomruter 
work staticn complex that is interconnected by a secend 
local area network. The Solicitation Document refers to this 
as the interprocessing subsystems network. This system of 
user CRT terminals, cr work stations, will support a distri- 
bution cf data processing functions to the custecmer work 
sites. The work stations will become the primary *ool for 
supply custcmers to ccnduct business. The work staticns will 


enable custcmers to share and access information across the 


local aréa network and the entire SPLICE systen. Customer 
CRT werk stations will support data entry, search, and 
retrival. Along with the work stations, there will be 


Printers and scanning equipment to produce hard copy reports 
and facilitate rapid data entry. The work station complex 
Will sSUpfpcrt areal time, on-line, transaction criented 
environment. The local area network will provide the ccmnu- 
NMications substrate to support this distribution of 
processing power to customers. The strategy in evaluation 
of the Fereground Local Area Network (FLAN) should focus on 
providing a flexible customer oriented service. This flexi- 
bility translates intc providing the capacity and connec- 
tivity tc suppert the changing and growing needs of Stock 
Foint customers. In addition, the communications service 
must ke reliable in its support of supply business activi- 
ties. No single point failure or data link failure should 
interrupt the FLAN service. The evaluation strategy for the 
FLAN should be oriented towards adaptability in capacity, 
and ccnnectivity, in order to meet changing business needs 
of the custcmer. 
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C. EVALUATION PROCESS FIRST STEP REVIEW 


The first step of the evaluation process focused or the 
SPLICE local area network environment. This identifieda 
strategy tc guide the develcpment of reguirements and 
criteria to evaluate local area network architectures. 
Studying the networking environment reveals a need for two 
Strategies in the evaluation process. Th2 BLCN strategy 
should fecus on a very high capacity and high reliability in 
the communications service for a mainframe environment. The 
FLAN strategy shculd focus on adaptability in the capacity 
and connectivity of a reliable communications service in 


meeting custcemer business needs. 


D. BLCN EVALUATION REQUIREMENTS AND CRITERIA 


The evaluation strategy for the BLCN should fecus on 
sustaining a very high capacity anda high reliability data 
communications service. This service will be the communica- 
tions substrate for a host mainframe computer environment. 

It 1s the policy cf the SPLICE project to make maxinun 
use cf cff-the-shelf hardware and software. This use of 
standard vender prodtcts will shorten the time frame in 
implementing SPLICE. This establishes the first require- 


ments 


B-R1: The BLCN architecture must be an off- 


the-skelf systen. 


The functional design of SPLICE local aréa networks is ha 
on a virtual local area network (Ref. 15]. This dé¢sign 
generates the next requirement: 


B-R2: The BLCN shall support both a datagran 
and virtual circuit communications services, 
With decentralized control, that gives zach 


attached nost uniform functionality. 
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1. BLCN Capacity Needs 


The SPLICE Sclicitation Document for the BLCN sveci- 
fies a data rate of net less than 25 Mbps with an aggregate 
data rate of 50 Mbps up to a distance of 1000 feet. In addi- 
tion, a data rate of not less than 1 Mbps with a sustained 
aggregate data rate cf 2 Mbps up to a distance of 5000 fest. 
The use cf two data rates is based on using redundant 
Simultaneously operating data links. This is to enhance the 
reliability of the system. Considering the networking envi- 
ronment cf the SPLICE configuration, che fereground local 
area network (FLAN) should have the capacity to aksorb or 
off lead the 1-2 Mbps data rate over tne 1000 to 5000 fcot 
distance. In addition, the background data processing 2quip- 
ment cculd be reconfigured to place it all within a 1000 
foot diameter. This would allow the BLCN to sustain the 
25-50 Mbps data rate throughout the network. This generates 


a requirement and an ¢valuaticn criteria: 


B-R3: The BLCN independent of the data rate 
of attached equipment shall sustain cn an as 
need basis a *ransmission data rate between 
attached equipment of not less than 25 Mbps 
With an aggregate data rate of 50 Mbps at 
distances up to and including 1000 feet. 


B-C1: The capability to maintain a data rate 
capacity of 25-50 Mbps over distances in 
excess of 1000 feet 1s desirable. 


The BLCN is designed to provide a communications 
service fcr host data processing equipment at 62 Navy suprly 
locations. The solicitation document specifies a need to 
attach a gaximum of 32 equipments in a radius of 2500 feet. 
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This specificaticn must change in order to be compaztitle 
With capacity requirements. This generates a new requirement 


and evaluaticn criteria: 


B-R4: The BLCN shall be able to ccnnect a 
minimum of 32 Equipments in a radius of 500 
feet. 


B-C2: The capability to connect 32 equipments 
in a tadius in excess of 500 feet is desir- 
able. 


3. BLICN Reliability Needs 


Splice local area networks are to be configured for 
a fault tclerant operation. In this light, no single rfoint 
failure will cause the unavailability of the data 
processing complex tc supply customers. Stock Point and 
Inventery Ccntrcl Pcint operations depend on the avail- 
ability cf computer support to conduct business. The lcss 
cf that surpert will mean lost péople time, which is unac- 
ceptable [Ref. 1]. The need for reliability generates the 
follcwing requirements: 


B-R5: There must be more than one communica- 
tions path, data link, between each pair of 
equipment interfaces on the BLCN. 


B-R6: The operational status of the netwecrk 
wiil not depend upon the operational status 
of any attached equipment. The BLCN will 
Operate as an independent, Stand alcne 
fae] 11.ty.. 


Redundant data links are intended to support a fault 
tolerant cperaticn. In addition, redundant cable configura- 
tions will support on line maintenance and reconfiguraticns 


for hardware repairs while the system continues processing. 
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In order tc further evaluate local area netwecrk 
products that meet BLCN evaluation requirements, additicnal 
evaluaticn criteria are needed to identify example networks 
that have a potential for meeting SPLICE design needs. This 
Will aid in evaluating and identifying example off-the- 
shelf predtcts with architectures that can meaningfully 
support the SPLICE system over its 11 year life cycle. MTha 


additicnal evaluaticn criteria are: 


B-C3: It is desired to provide off-the-shelf 
interface hardware for background data 
processing equipment. This equipment includes 


the fcllowing computers: 
Burrcughs Medium System 
Perkin-Elmer 3200 series 
Interdata 32 bit series 
IBM 260/370 
Univac 1100 and 490 series 
Tandem 


B-C4: Compatibility with network standards 
such as those supported by the IEEE Project 
802 is desirable. 


Ee FLAN EVALUATION REQUIREMENTS AND CRITERIA 


The evaluation strategy for the Foregroud Local Area 
Network (FLAN) should focus on providing a communications 
service adartable to customer needs now, and in the future. 
In this respect, the FLAN should provide an adaptable 


performance in terms cf capacity and connectivity to meet 
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changing and growing user needs. In addition, it must be a 
reliable ccmmunicaticns service for supporting customer 
business activities. 

It is the SPLICE project policy to achieve rapid imple- 
mentaticn by making maximum use of off-the-shelf preducts. 


This establishes the first requirement: 


F-R1: The FLAN architecture must be an off- 


the-shelf systen. 


The functional design of the SPLICE local arsa netwerk 
is based on a virtual local area network. This deésign 


generates the next requirement: 


F-R2: The PLAN shall support both a datagzran 
and virtual circuit communications services, 
with decentralized control, that gives each 
attached host uniform functionality. 


1. ELAN Capacity Needs 


The FLAN will support a high speed data ccmmunica- 
+ions service between attached work stations. It must 
Sustain a high data tate to provide an efficient interface 
With the ELCN during data exchanges. This will also serve to 
reduce LkLuffering requirements in the system. The FLAN, i= 
necessary, must b?e capable of supporting "background" data 
processing equipment that cannot be directly attached tc the 
BLCN. This is due tc distance limitations on the very high 
Speed BLCN system. Reliabilizy in th2 FLAN will sreguire 
redundant data links, but simultaneous use of data links is 
not necessary to achieve higher data rates. Tha capacity 
need of the FLAN will be 2 Mbps for the customer werk 
staticn ccmplex, plus 2 Mbps to support any "backgrecund" 
data processing ¢<quipment that may be attached. In addi- 
tion, the modular expansicn of the work station complex 
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should be accommodated within a radius of 2500 feet. This 
is reflected in the specifications on the "backgrcund" 
design. These needs establish the following requirement: 


F-R3: The FLAN, idependent of the data rates 
of attached equipment, shall sustain cn an as 
needed basis, with low delay, a transmission 
capacity of 4 Mbps, at distances up to 5000 


feet. 


Through the 1980's and 1990's, SPLICE applicaticns 
are anticipated to grow in the foreground work station 
complex. This makes increased data rates and distances 
desirabie fcr expansion of the SPLICE system. Presently 
only data ccmmunications is needed, however the capacity <tc 
integrate video and or voice capabilities +o support 
custcmer business activities is considered desirable. This 
leads tec the identification of the following capacity 


related evalwtion criteria: 


F-C1: A data rate capacity and distanc? carfa- 
bility greater than requirement F-R83 is 
considered desirable. 


F-C2: The capacity to expand communications 
services to include business oriented video 
and voice communications on the FLAN is 
considered desirable. 


The FLAN will support connections for supply 
customer work stations and periperal squipment. The network 
Must ke versatile in its ability to provide connections at 
work lecaticns of the customers. In addition, connections 
must te éasily reconfigured and expanded to meet grecwing 
needs of the users. This versatility must support varied 





configuraticns at 62 SPLICE lecations that have a wide range 
of facility arrangements. SPLICE project specifications do 
not identify the number of work stations that must be 
connected tc the FLAN. However, the current ratio of kLack- 
ground ccmputers to customer terminals is approximately as 20 
{Ref. 2]. The maximum number of background computers at a 
SPLICE cenfiguration will range from a low of none, 11 al 
high cf 17 to 22 in the next 11 years. Larger configuraticns 
in the system will have an assortment of approximately 15 
backgrcund cemputers [Ref. 14}. Based on these figures, the 
FLAN should be able to support 300 physical connections. 


This generates a requirement: 


F-R4:; The FLAN shall provide a mninimum cf 300 
physical connections for data processing 
equipment. 


Connectivity is of major importance in providing an adap- 
table ccmmunications service <~o the customer. The follcwing 
evaluaticn criteria Should be considered for that 


adaptibility: 


F-C3: The capability to make connections in 


excess of the requirement F-R4Y is desirable. 


3. FLAN Reliability Needs 


The FLAN must provide a fault tolerant data communi- 
caticns service. The customer's work station will be a 
Primary tocl for cenducting supply business. The avail- 
ability of the work stations and the ability to communicate 
informaticn will be essential in the conduct of supply cper- 
ations. The FLAN to maintain a reliable and available 
communicaticns service must be immune to single poin= 
failures, data link failures, and must continue to function 
during cn-line maintenance. In order to support this reli- 
ability the requirements are: 


Se. 





Hen S The FLAN will provide more than cne 
data ccmmunications path between each pair of 


equipment interfaces. 


F-R6: The FLAN will not depend on the opeéera- 
tional status of any attached equipgent. The 
FLAN will operate as an independent stand 


alone facility. 


In order to further evaluate local area netwerk 
products that meet FLAN evaluation requirements, additional 
evaluaticn criteria are needed to identify example networks 
that have a potential for meeting SPLICE design needs. This 
will aid in evaluating and identifying example cff-the- 
shelf preducts with architectures that can meaningfully 
support the SPLICE system over its life cycle: The addi- 


tional 2zvalvation criteria are: 


F-C4: The vendors capability +t+o prcevide a 
variety of off-the-shelf data processing 
equipment interfaces is desirable. 


F-C5: Compatibility with lcecal area network 
Standards such as those supported by the IEEE 
802 Prceject is desirable. 
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IV. IHE EVALUATION PROCESS 


Ss ec ae ee SS 


A. BICH EVALUATION FROCESS 


1, BICN Need 


The evaluaticn process for the Background Local 
Computer Network (BLCN) has the strategy of providing data 
communicaticrs sevice for mainframe computers. This service 
must have a very high capacity and high reliability to 
Ssuppert batch processing and large data base management 
processing operations. The BLCN will b2 important in 
improving the performance of exsisting host computers and 
extending their useful life. The requirements that must be 
met by the locai area network architectures identified for 
the ELCN are: 


B-R1: An off-the-shelf architectures. 


B-R2: A datagram and virtual circuit decentralized 


controlled message service. 


B-R3: Data rate of 50 Mbps with minimum of 25 Mbps 
over a distance of 1000 feex. 


B-R4: Connect 32 equipments in a radius of 500 
feet. 


E-k5: Redundant data links. 


B-R6: Netwerk immune to single point failures. 
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The major requirement in this evaluation precess is 
the capacity requirement B-R3. This requirement is gqéener- 
ated by tke need to sustain large file processing for katch 
and data baseé management in the background host computer 
complex. This data rate is much higher than interactive 
processing data rates of 1t+010 Mbps supported by local 
area netwerks architectures used in business environments. 
The réguirement serves tc focus the evaluation process ona 
specific vendor product which is used as an e?xample of the 
desired architecture. 


Hyperchannel from Network Systems Corporaticn (NSC) 
is an example of a leccal area network architecture that can 
satisfy ELCN requirements. NSC's Hypérchannel was intro- 
duced in 1977 to provide a high capacity network service for 
data center type operations. Hyperchanrel employs a data- 
gram service ona bus consisting of up to four caseband 
coaxial cables. Data link access is controlled by adartors 
that empley CSMA with an acknowledgement for collision 
detection. In addition, the access method also supports a 
priority access scheme. The multiple bus configuration 
Supperts a data rate cf 50 Mbps over distances up to 3000 
feet. A data link failures will lower the data rate, but not 
below 25 Mbps, 1f at least two cables are used. 
Microprocessor based adaptors are used +o make equipment 
connecticns to multifle buses. The network can support up to 
256 physical connecticns. 

The follewing provides an overview of Hyperchannel's 
attributes cn each evaluaticn criteria. 

Evaluation criteria B-C1: 25-50 Mbps data rate in 
excess of 1000 feet. 


Hypercharnel sustains the data rate up to 3000 feet. 
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Evaluation criteria B-C2: Connect 32 devices ina 


radius in excess of 500 feet. 


Hyperchannel can provide connections for 256 devices over a 
distarce cf 3000 feet (radius 1500 feet). In addition, a 
2400 foct coaxial cable, 10 Mbps, Hyperbus local area 
network can be interfaced to Hyperchannel adaptors. The 
Hyperkus would be an aliternative means to connect background 
host equirment i1f they cannot be located in the 1500 fcot 


radius cf Hyperchannel. 


Evaluation criteria B-C3: Capability to vorevide 
off-the-shelf interfaces to SPLICE background hcst 


ccmputers. 


Hyperchannel provides over 20 processor adaptor tyres each 
compatible tc a different vendor computer. All SPLICE host 
computers have adaptors except the Burroughs Medium System 
and Tandem compu<ers. 


Evaluation criteria E-C4: Standards compatibility. 


Hyperchannel is not ccmpatible with any of IEZE Project 802 


committee's recommended standards. 


Be FLAN EVALUATION PROCESS 


1. FLAN Needs 


The evaluaticn process for the? Foreground Lccal Area 
Netwcrk (FLAN) has a strateaqy that focuses on a communica- 
tions service adaptikle to the growing and changing needs of 
SPLICE custcmers. This is to insure that customer needs can 
be met with network performance in terms of capacity, 
connectivity, and reliability. The evaluation requirements 
that must be met by the FLAN are: 


ou 
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F-R1: An off-the-shelf architecture. 


F-R2: Datagram and virtual circuit distributed 


controlled message service. 


F-R3: Data rate of 4 Mbps over a distance of 5000 
feet. 


F-R4; 300 physical connections. 
F-n53: Redundant data links. 


F-R6: Network immune to single point failures. 


Evaluaticn of off-the-shelf architectures in meeting 
FLAN requirements will generaily focus cn local area network 
classifications develcped in Chapter 2. Requirement F-R2 is 
typical cf all off-the-shelf local area network architec- 
tures. The capacity requirement of 4 Mbps will rule cut 
architectures utilizing twisted pair wiring for a transmis- 
sion sediug. 

The connectivity requirement (F-R4) for 300 fhysical 
connecticns generally rules out networks which use a phys- 
Heat Eling topology. Products with a ring topology sufport 
omy 32 to 255 connections. These architectures utilize 
foint-to-fcoint transmissions between ring connections. This 
technology provides for effective use of the transmission 
medium +c achieve high data rates and network distance 
Spans. Hcewever, the ability to make physical connections is 
reduced even if node controllers or interface units used to 


suppcrt multiple devices in the proximity of the connection. 


rf 
< 
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This reduces the flexibility of the connectivity se 
the ability to add ncdes between nodes. in adas clon, Leda 
ability of ring topology networks depends on an active 
String of repeaters. A node failure will down the system in 


some igplementations. Based on connectivity and reliability 
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needs, lcecal area network architectures with a ring topology 
do not appear to be advantageous for SPLICE. 

The bus topolcgy categories of architectures remains 
for consideration. The token bus architectures have a tyfi- 
cally lew data rate, 1%*0 2.5 Mbps, which cannot meet the 
F-R3 capacity rate cf 4 MEps. This access method has a 
deterministic delay, and can give stations a pricrity for 
access, kut these features are not FLAN needs. However, che 
data capacity of the transmission medium is not effectively 
used with these features. In addition, polling schemes using 
a token have limited the number of physical connections to 
less than 256. Hence, these architectures are unable to meet 
the ccnnectivity requirement, F-R4. The inability of token 
bus architectures tc meet requirements F-R3 and F-R4 dces 
not appear to be advantageous for SPLICE. 

Evaluation requirements at this stage have narrowed 
the lccal area network categories for consideration tc thcse 
architectures with a coaxial cable transmission medium, and 
CSMA/CD access methods with a bus topology. Due to their bus 
mopelCcay, these architectures Pere! the reliabality 
requirement F-R6, fer no Single point failure. Baseband 
coaxial cable CSMA/CCD architectures do not completely meet 
the redundant data link requirement, F-R5. Therefore, they 
do not appear advantageous for SPLICE and are eliminated 
from consideration. 

The local area network architectural categcry 
remaining includes froducts with a broadband coaxial cakle 
transmission medium and a CSMA/CD access method with a bus 
topolcgy. An important feature of these broadband architec- 
tures is that redundant cable configurations are easily 
implemented. Cable eplitters are used to connect interface 
units to redundant trunk cables. Examples of local area 


networks in this architectural category are: 
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* Localnet ky Sytek Inc. 
* Net/One (broadband) by Ungermann-Bass, Inc. 


* Wangnet ty Wang Laboratories, Inc. 


The PLAN example network architectures meet the 
mandatory requirements reeded for the SPLICE preject. In 
continuing the evaluation process, the attributes of these 


architectures must ke evaluated using the FLAN evaluation 


criteria. The FLAN evaluaticn criteria briefly are: 


F-C1l: Data rate in excess of 4 Mbps and/or 


distance span greater than 5000 feet. 


F-C2: Capability to provide video and/or 


services. 


a 


voice 


F-C3: Capability to support more than 300 physical 


Connections. 


F-C4: Availability of off-the-shelf interfaces. 


B-CS>: Compatability with standards 


F-C6: Vendor experience with networks for business 


organizaticns. 


ae CSMA/CD Broadband Architectures Considered 


Wangnet, by Wang, uses a dual cable frequency 


allocaticn scheme. This implementation is incompatikle with 
IEEE Project 802's single cable TR 40.1 broadband standard. 
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Conformity with this standard is important in retaining 
flexibility in the evaluation of RF modems to meet present 
and future needs. Presently, the Wang product is incompat- 
ible with cther vendcr modems except by special interface 
techniques [{Ref. 12]. The dual cable implementation also 
requires the installation cf four cables in order ‘+o have 
redundant data paths. This complicates installation and 
creates an inordinate amcunt of cabling, a cable maze «hat 
local area networks are intended to eliminate [Ref. 16]. 
The “wang band" is tke primary 12 Mbps channel for Wangnet. 
Iz is designed to frovide communications for only Wang 
computers and equipment [Ref. 17]. 

Localnet, by Sytek Inc., has alow single 
channel capacity, linited available interfaces, and a varia- 
tion frem breadband standards. Localnest's System 40 Supdforts 
5 RF channels with a 2 Mbps data rate on each channel, fora 
total data rate of 10 Mbps. However, a 4 Mbps single channel 
capacity would be mcre desireable in meeting FLAN needs. 
Equipment interfaces are Supported by two systems. 
Localnet's System 4Q supports only paraliel interfaces of 
the VAX PDP-11 and Intel-compatibie bus architectures. Low 
speed serial interfaces, RS-232C, are handled by Lecainet's 
System 20. The two systems are connected by Localnet's 40/720 
bridge. The Sytek bEroadband network uses a single cakle 
midsplit channel allocation scheme, however, frequency allo- 
caticns are offset frem IERFE Project 802's TR 40.1 standard 
(Ref. 12]. 


be. FLAN Evaluation Process Example 


Proadband Net/One by Ungermann-Béess, Inc., is an 
example of alocal area network architecture which meets 
FLAN evaluation requirements aud Criteria. Broadband 
Net/One cffers a high single channel data rate capacity, a 
wide range of off-the-shelf equipment interfaces, and it 
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adheres to the IEEE Project 802 TR 40.1 standards. In crder 
to highlight broadband NetvOne's architecture, a review of 
the netwcerks performance attributes within the framework of 


FLAN evaluation requirements and criteria is provided. 


Requirement F-R1; An off-the-shelf architecture. 


Requirement F-R2: A datagram and virtual circuit 


distributed controlled message service. 


Broadband Net/One was introduced by Ungermann-Bass in July 
1982. The system uses a CSMA access method for distributed 
contrcel cf a datagram service. In addition, NetsOne can 


also support a virtual circuit service. 
Capacity Attributes. 


Requirement F-R3:; Data rate of 4 Mbps over a 
distance of 5000 fest. 


Criteria F-C1s Data kate in excess of 4 Mbps 


and/or distance span greater than 5000 feet. 


Cearetia Pe@2: Capability to facilitate videc and 


voice services. 


Broadband Net/fOneé sufrorts a cable network up to 50,000 feet 
in length. It provides a 5 Mbps data rate on any of 

64HzZ charnnels fcr a total network capacity of 25 Mbps. The 
RF mcdems can support Simultaneous use of the network for 
video and vcice services. 


Requirement F-R4: 300 physical connections 


Guateamia’ P-G@3 ; Capability to make more than 300 


ccnnections. 
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Broadband Net/fOne can connect up to 300 Network Interface 
Units (NIU) +0 each of five (5) RF channels. Each NIU can 


Suppcrt up tc 24 user devices. 


Reliability Attribute 


Requirement F-R5: Redundant data links. 


Requirement F-R6: Network immune +o single foint 


failure. 


Broadband Net/fOne may utilize broadband splitters and 
couplers to make NIU connections to redundant cable configu- 
rations. Distributed access control methods implemented by 


NIUS make network immune to failure of attached equipments. 


Other Criteria 


Criteria F-C4: Availability of off-the-shelf 


interfaces. 


Broadband Net/One utilizes Network Interface Units (NID) 
which ccrtain modem interface units for use with RF modems. 
With that exception, the NIUS are virtually identical to 
NIUS used with the baseband Net/One local aréa network. NIUs 
are designed with a 72-80 processor and are user programmatle 
so enable the customer to attach any device. NIUsS are ccmra- 
tible with the fcllowing vendor equipment: 


Burroughs, Digital Equipment Gon ous <2 on, 
Heneywell, IBM, NCR, Sperry Univac, OEM, PDP, 
Zilog, Onyx, Hewlett Packard, Data General, Xerox, 
and Sytek. (Ref. 18] [Ref. 19] 


In addition, NIUs offer the following electrical interfaces: 


IEEE 488, RS-232C, RS-449, TTL, CATV, and 8/16/32 
bit parallel. 
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Broadband Net/One NIUS are designed to give the network 


System hardware independence. 
Criteria F-C5: Standards compatibility. 


Broadband Net/fOne adheres to the IEEE Project 802 TR 40.1 
broadband standard. In addition, broadband NetyvOne has gate- 
ways to kaseband NetyOne which is compatible with the IEEE 
Ethernet standard. 


Broadband Net/Oné is an example of an off-the-shelf CSMA kus 


architecture that meets SPLICE design needs. 
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V. CONCLUSION 

The strategy for evaluating local area netwerks for 
SPLICE ccnsisted of three phases. 

The first phase developed a performance classification 
system fcr local area network architectures. Network archi- 
tectures were classified based on two schemes. The first 
scheme was the transmissicn medium used inthe fhysical 
layer cf the architectures. The seccend scheme was the 
access methcd, and related network topology, uséed in the 
data link layer of the architectures. Performance attri- 
butes of each class cf architecture? were identified within 
she general performance areas of capacity, connectivity, and 
~eliability. Using this classification system, cver 25 
local aréa network products were classified based on their 
architectures. This identified architectural classes of 
network preducts with related performance capabilitiés. 
This perfcrmance classification system provides an adaptakle 
framework +0 easily classify present and future network 
products and architectures. With this system, the perfecr- 
mance of network preducts and architectures can be easily 
evaluated. 

The second phase of the evaluation stratégy reviewed 
the distributed system design concepts being built around 
local area networks for SPLICE. Based on the system design, 
the need for two local area networks was established. They 
were a Background LIccal Computer Network (BLCN) and a 
Foreground Local Aréa Network (FLAN). The design needs of 
each network were translated into a set of evaluation 
requirements and criteria. These evaluation guidelines were 
primarily develored by identifying *+he performance needs of 


the networks in terms of capacity, conneetimaty, and 


reliability. In addition, evaluation guidelines identified 
cther functional design needs of the network systems. 

In the third phase, the evaluation process was executed. 
This was accomplished by mapping requirements against the 
perfcrmance related classes of architectures developed in 
phase one. The evaluation process for the BLCN was driven 
by very ktigh capacity and high reliability requirements. 
Hyperchannel, a baseband CSMA-bus network architecture by 
Network Systems Corpcration, is an example of an architéc- 
ture which Satisfied the evaluation requirements and 
criteria for the BLCN. The evaluation process for the FLAN 
identified three example products with broadband CSMA-kus 
architectures which met requirements. Broadband Net/One by 
Ungermann-Bass was an example of an architecture that satis- 
fies FLAN evaluation criteria. 

This research describes a strategy for evaluating local 
area netwcerk architectures for the SPLICE project. It is 
hoped that this will assist the SPLICE project aquisition 
process in evaluating the local area network architectures. 
im addition, i= prevides a methodology and strategy that 
cthers may use in their evaluation of lecal area neatwerk 
architectures. 
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